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662a Wednesday, February 19, 2014interaction of NPT2a with PDZ1 or PDZ2 in full-length NHERF1 was 1.6mM
and 33mM, respectively. Only isolated PDZ1 interacted with NPT2a
(Kd=11mM). Isolated PDZ1 and PDZ2 interact with PTHR with Kd’s of
2.9mM and 1.3mM, respectively. In the context of full-length NHERF1
PTHR binds PDZ1 and PDZ2 with a Kd of 1.7mM and 2.2mM, respectively.
We conclude that variances are evident between measurements of isolated
PDZ domains and full-length NHERF1. The lower affinity of the PDZ2 domain
in full-length NHERF1 compared to isolated PDZ2 is due to adoption of the
self-associated conformation. Graded occupancy of PDZ domains may impart
differences in NHERF1 signaling and trafficking. We suggest that energetic
barriers separating NHERF1 self-associated and open states in the cellular envi-
ronment may be reduced by phosphorylation. MD simulations predict that up-
stream residues in the C-terminus contribute to the binding and specificity of
interaction with PDZ domains. The results provide novel molecular insights
into the recognition of major PDZ binding partners.
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Toll-like receptors (TLRs) provide a mechanism for host defense by acti-
vating innate immune responses. Activated TLRs [e.g., by bacterial lipopoly-
saccharide (LPS)] dimerize, and interact with adaptor proteins through their
cytosolic TIR domains to trigger a signaling cascade that ultimately leads to
the expression of proteins involved in pro-inflammatory responses. One such
adaptor protein is the TIR domain-containing adaptor protein (TIRAP),
which contains an N-terminal phosphatidylinositol 4,5-bisphosphate
(PtdIns(4,5)P2)-binding region that is required for plasma membrane target-
ing and a C-terminal TIR domain, which mediates myeloid differentiation
primary response gene 88 (MyD88) association. Upon ligand binding, the
LPS-binding protein TLR4 is proposed to be recruited to PtdIns(4,5)P2-rich
regions where TIRAP resides. At these sites, TIRAP recruits MyD88 to the
plasma membrane via TIR-TIR domain interactions; thus TIRAP bridges
MyD88 binding to activated TLR4. A conserved short stretch at the N-termi-
nus of TIRAP has been shown to be sufficient to target the protein to the
plasma membrane. We show that this region, which we named the
PtdIns(4,5)P2 binding motif (PBM), folds in dodecylphosphocholine (DPC)
micelles, and binds PtdIns(4,5)P2. The solution structure of the DPC-
associated TIRAP PBM indicates that the peptide adopts a helical structure
in micelles. Furthermore, we demonstrate that PtdIns(4,5)P2 can induce a he-
lical structure in TIRAP PBM, a feature observed in other PtdIns(4,5)P2 mod-
ules. NMR data indicates that TIRAP PBM binds PIP2 in a fast exchange
regime with a moderate affinity through two conserved basic regions.
Thus, these studies will provide a basis for understanding the mechanism
of TIRAP’s membrane targeting and recruitment of TIR-containing proteins
required to trigger pro-inflammatory signaling.
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The alpha-helical conformation and structural stability of single and double
stapled all-hydrocarbon cross-linked p53 peptides in solution and when bound
to MDM2 are investigated. We determined the effects of the peptide
sequence, the stereochemistry of the cross-linker, the conformation of the
double bond in the alkene bridge, and the length of the bridge, and the relative
stability of the alpha-helix structure. The conformation population distribution
indicates a fully helical state and several partially folded states. The distribu-
tion of dihedral pairs of the stapled peptides in the bound state indicates a sig-
nificant population around the alpha-helical region. Peptide residues over
which the linker spans tend to have the highest helical occupancy. WaterMap
simulations yielded over hundred hydration sites identifying regions with
water density greater than twice that of the bulk. The free energy released
by displacing the hydration sites populating the staple-binding pocket was
determined. The three hydrophobic pockets, which bind Phe19, Trp23 and
Leu26, provide a large positive contribution to the binding free energy for
all peptides studied. In agreement with experimental data, potential of mean
forces and weighted histogram analysis methods indicated the order of pep-
tides from lowest to highest binding affinity to be cis-sah3, WT, cis-sah8
and cis-sah4.
Work done in collaboration with Z. Guo, K. Streu, G. Krilov. UM thanks Gug-
genheim Foundation for Fellowship.3351-Pos Board B79
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Multi-functional dehaloperoxidase-hemoglobin (DHP) is a versatile protein that
functions as an oxygen transporter, but also has functions related to detoxification
of a range of substrates including brominated phenols and indoles. It is ironic that
the inhibitor binding site has been known for 15 years, but the substrate binding
sites remain elusive. Two recent X-ray crystallographic studies reveal internal
substrate binding sites. However, since there are at least three binding sites for
2,4,6-trihalophenols alone, the functional location of substrate binding remains
unresolved. Moreover, recent kinetic data show that a number of indoles are
excellent substrates for DHP and the isotope data indicate that some of these
are oxidized directly by bound H2O2 (peroxygenase function) or O2 (monooxy-
genase function). Clearly the internal binding requires a large binding cavity and
protein dynamics that permit the entrance of these large molecules into the distal
pocket. Time-resolved X-ray crystallography reveals ballistic motion of carbon
monoxide to the only internal Xe-binding site and rapid escape from the protein,
both features that are consistent with the open architecture of the distal pocket.
Preliminary NMR dynamic studies show that this method can be used to comple-
ment X-ray crystallography to provide information on the location of substrate
binding. Resonance Raman studies complement these methods as well providing
a means to study how ligand binding to the heme Fe interacts with the internally
bound inhibitors and substrates. This combination ofmethods has the potential to
reveal functional differences in the binding of different substrates and the role
played by protein dynamics in controlling the functional switching of DHP.
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Membrane binding is essential for the biological activity of Ras proteins, the
key regulators of diverse signaling pathways whose malfunction accounts for
more than 15% of all human tumors and up to 90% of cases in specific tumor
types. However, decades of effort has to date failed to yield selective Ras inhib-
itors. We hypothesize that disrupting the dynamic coupling between the
nucleotide-binding and membrane-interacting regions of Ras by small molecule
ligands may have better therapeutic potential. As part of an effort to test this hy-
pothesis, we applied a variety of existing and new ligand binding site identifi-
cation schemes on ensembles of Ras conformers generated by extensive
molecular dynamics simulations in solution and membrane environments. We
will discuss the discovery of new pockets that have the potential to bind small
molecule ligands, along with alternative strategies for Ras drug design emerging
from interactions between various computational and experimental approaches.
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Ras proteins regulate diverse signaling pathways by cycling between active and
inactive conformational states. Ras mutations are associated with a variety of
cancers and developmental disorders, accounting for ~15% of all human tu-
mors and 90% of cases in pancreatic cancer. Membrane binding through the hy-
pervariable region is essential for the biological activity of Ras proteins.
Understanding isoform-specific differences in membrane binding could there-
fore lead to new therapeutic strategies. The goal of this work was to find novel
druggable sites on the surface of membrane-bound oncogenic K-ras. To this
end, we carried out multiple, microsecond-long all-atom molecular dynamics
simulations on G12D K-ras and generated a very large structural ensemble.
Applying a variety of ligand binding site identification techniques on this
ensemble, we identified several pockets that have the potential to bind small
molecule ligands. Moreover, we found that some of the previously described
ligand-binding sites in solution are inaccessible to ligands in the presence of
a membrane. Our analysis also yielded some new insights into the dynamics
of membrane-bound oncogenic K-ras.
3354-Pos Board B82
The Prominence of the Ligand Peptide Carboxyl Terminus in the MHC
Class I Molecules Stability and Affinity
Esam T. Abualrous1,2, Sunil Kumar Saini1, Venkat Raman Ramnarayan1,
Martin Zacharias3, Sebastian Springer1.
1Jacobs University Bremen, Bremen, Germany, 2Ain Shams University,
Cairo, Egypt, 3Technical University Munich, Munich, Germany.
Major histocompatibility class I complex (MHC) proteins are intracellular re-
ceptors that bind peptides of eight to ten amino acids to present them to the
Wednesday, February 19, 2014 663aimmune system. The stability of the interaction between MHC class I and pep-
tide is governed by length and sequence of the peptide. The carboxyl and amino
termini of the peptide make a significant contribution to binding energy by
forming networks of hydrogen bonds. In addition, the carboxy terminal side
chain of the peptid serves as an anchor residue in all the known MHC class I
alleles, i.e., it binds into a pocket at the bottom of the binding site.
We show here that the binding of the carboxyl terminus of the peptide has a
strong influence on the dynamics, binding energy, folding, peptide affinity
and stability on the cell surface of two MHC class I mouse allotypes. Molecular
Mechanic/ Poisson-Boltzmann Surface Area (MM-PBSA) and potential mean
force (PMF) analysis demonstrate that binding of the the carboxy terminus
causes a decrease in the peptide free binding energy to MHC class I. This is
verified in vitro by thermal denaturation by tryptophan fluorescence (TDTF)
and Fluorescence anisotropy (FA) assays, which show a considerable decrease
in the thermal stability and peptide binding affinity of C-terminally truncated
peptides to class I. Such truncated peptides are also much less efficient in sta-
bilizing MHC class I at the cell surface.
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b-lactmases, the enzymes produced by some bacteria, are responsible for the
primary mechanism of resistance to b-lactam antibiotics, the most common an-
tibiotics in commercial use. Earlier study has resurrected a series of ancient
Class A b-lactmases in the laboratory. It showed that those 2-3 Gyr-old b-lact-
mases could degrade a variety of antibiotics in vitro with similar levels of
catalytic efficiency, suggesting that b-lactmases evolve from substrate-
promiscuous generalists to specialists. However, all those ancient b-lactmases
adopt the same fold as the modern enzyme, especially at the catalytic sites.
Here we propose that the enhanced substrate-promiscuity originates from pro-
tein dynamics. We investigate the differences in conformational dynamics of
diverged b-lactmases through MD simulation and quantify the contribution
of each residue site to functionally related dynamics through Dynamic Flexi-
bility Index (DFI). The statistical clustering of the DFI pattern is later obtained
through Principle Component Analysis (PCA). Strikingly, our result shows that
those 2-3 Gyr-old b-lactmases are clustered together and far away from the
modern enzyme in the principle subspace. This dynamic analysis also identifies
those sites affecting dynamics the most that may play a critical in functional
evolution of b-lactmases.
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In order to understand how enzymes work it is required to know about its
conformational landscape, its enzymatic state or interaction with the substrate
or product, and the exchange times between conformations and enzymatic
states. Experimentally this is extremely challenging because it requires to sam-
ple over large time domains, as well as resolving low transiently populated
states. Using a hybrid approach involving multiparameter fluorescence spec-
troscopy, multiscale computer simulations and mutagenesis we are able to
map the conformational landscape involving three conformational states (C1,
C2, and C3) that are sampled from ns to ms. Furthermore, we present a state
matrix that links the enzyme state of the bacteriophage T4 (T4L) as it follows
a Michaelis-Menten like formalism. In all we identify T4L as a three state sys-
tem linking each of the fundamental steps in enzyme function: Substrate bind-
ing in C1, catalysis in C2, and product release in C3. We validate the
conformational state C1 against the crystallographic structure with identifica-
tion code in the protein data bank (PDBID) 172L with an accuracy of 1.8 A˚
RMSD and 2s precision of 0.6 A˚. The C2 agrees very well with the PDBID
148L with an accuracy of 2.1 A˚ RMSD and 2s precision of 0.9 A˚. The confor-
mational state C3 has not been identified before and has a 2s precision of 2.6 A˚.
Our findings for T4L demonstrate that a fine-tuned shift of conformational
equilibrium leads to motions of active cleaning where the energies of substrate
binding and product formation drive the conformational equilibrium. The
directionality of the overall process is manifested by the free reaction enthalpyof the glycosidic bond cleavage. In all, our work highlights the potential of our
hybrid approach to observe thermally accessible, low-populated intermediates
with high spatial and temporal resolution.
Protein-Solvent Interactions: Water, Ions,
Lipids, and Crowding
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Solute permeation in the aquaporin family is governed via a diverse selection of
mechanisms. Extrinsic regulators, such as changes in environmental pH condi-
tions or covalent modifications, such as phosphorylation, are known to provide
means for the channel to modify its permeability. These mechanisms are
responsible for enabling biological organisms, at a cellular level, to fine tune
their responses to osmotic changes that take place in their environment.
Also, it has been experimentally observed that the members of Aquaporin pro-
tein family demonstrate strong specificity for their solutes and yet are respon-
sible for a permeation of a variety of substrates such as water, glycerol and
ammonia. The molecular details underlying the permeation specificity of these
substrates are not wholly understood.
Computational molecular dynamics can be used to study the intricacies
involved in these regulatory functions at atomistic level. Simulations can pro-
vide valuable insights into how aquaporins control their specificity and perme-
ability, as well as means to facilitate the flexibility of their permeates. We apply
Functional Mode Analysis (FMA) and Principal Component Analysis (PCA) to
identify the structural states as well as highly correlated dynamic modes that
contribute to the regulation of the permeation in Aquaporins. These methods
can also be used to provide input to experimental studies to validate the results
of such computational investigations. Here we study a diverse array of aqua-
porin family proteins to create theoretical models in order to complement
empirical observations of solute specificity and the gating of the aquaporin
channels.
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The Poisson-Boltzmann (PB) formalism is one of the most popular approaches
to modeling the solvation of molecules. It assumes a continuum model for wa-
ter, leading to a dielectric permittivity that depends on regions of space (inside
or outside the solute). In contrast, the dipolar Poisson-Boltzmann-Langevin
(DPBL) formalism follows a grid-based approach where the solvent is repre-
sented as a collection of freely orientable dipoles with nonuniform concentra-
tion [1]. This leads to a nonlinear permittivity function that depends both on the
position and on the local electric field at that position. In practice, solving the
modified PB equation in the DPBL formalism yields density maps for water (di-
poles) and salt (ions). We illustrate here how these maps can be used to help in
the analysis of both low- and high-resolution structural X-ray data. As for the
former, we implemented a program, AquaSAXS [2], available as a web server,
which uses the solvent density map to represent the hydration layer of a given
protein atomic model. This approach improves the model where the hydration
layer is defined as a constant layer on the surface. As for the latter, we will pre-
sent how this approach is suited for electrostatics studies of solvation in
confined geometries. In particular, its application to the study of pentameric
ligand-gated ion channels helped proposing a plausible ion permeation mech-
anism [3].
[1] Koehl and Delarue (2010) J Chem Phys 132(6) - 064101.
[2] Poitevin et al (2011) NAR 39 - W184-9.
[3] Sauguet, Poitevin, Murail et al (2013) EMBO J 32(5) - 728-41.
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Using a hybrid method of the integral equation theory and the morphometric
approach, we have shown that the solvent-entropy effect originating from the
